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EXECUTIVE SUMMARY 

The Task 5 Rocky Flats EM Survey was performed to detemne the effecbveness of the EM 
geophysical method for lateral subsurface mapping of highly concentrated TDS plumes, and 
to deterrmne the pnmary source(s) of the TDS plume(s) The EM method was chosen 
because of its cost effectlveness and high spabal resolubon capabdibes 

The results of the EM modeling and field investlgatlon indlcate that it is possible to define a 
relatlonship between the TDS concentratlon and the pore water conductlwty, and utllize this 
relationshp to define specific areas on the EM pseudosectlons which may represent elevated 
TDS content The limtmg factor m determmng a =-pea& relatlonship between the TDS 
concentratlon and the pore water conducbwty is the accurate charactenzation of the alluvial 
and bedrock matenals in terms of then physical propemes 

The complex interacbons which occur between the contarmnant and geologic system can be 
more clearly understood if the potenad mgratlon pathways are located and charactenzed 
The EM method has the potential to rapidly and effectlvely map the shallow bedrock surface 
and define paleochannels which are preferentlal to the shallow flow of groundwater 
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1 0  INTRODUCTION 

An electromagnebc (EM) survey was performed downgradient of two suspected source 
areas in an effort to detemne the pnmary source(s) of a high total dissolved solids (TDS) 

plume (Figure 1) Evaluatlon of groundwater qualtty downgradent of the Landfill and Solar 
Evaporabon Ponds has detemned that both operable w t s  are sources of TDS 
Concentranons of TDS in groundwater samples from the penod 1986-1990 downgradent of 
the Landfill and Solar Evaporanon Ponds ranged from 300 to 7,000 mlligrams per liter 
( m a )  (EG&G, 1989). The purpose of this mvesbgatlon was to evaluate the effecbveness of 
the EM method for lateral delmeabon of highly concentrated TDS plumes at the Rocky Flats 
Plant Such an investlgatlon had not been completed pnor to this survey Therefore, an 
intensive review of geologic, hydrologc, and water quality data was undertaken pnor to the 
EM data acquisiuon and interpretatlon phases 

1 1 ProjectGoals 

The Rocky Flats EM survey attempted to map the lateral extent of TDS plume(s) and define 
the most probable source area(s) of the plume(s) Rocky Flats Plant literature sources 
(Annual Ground Water Monitonng Reports, Landfill Closure Plan, Ground Water 
Assessment Plan) were extensively researched with emphasis on geologc, hydrologrc, and 
water quality data which provided project geophysicists wth a general understanding of the 
most probable contarmnant source areas and potennal shallow subsurface contammant 
mgratlon mutes 

Sectlon 2 of this report focuses on the aqulfer propertles of the alluvium and bedrock 
matenals and the surface water dramage patterns downgradent of the Landfill and Solar 
Evaporabon Ponds Sechon 3 descnbes the correlabon between the EM data and the 
hydrogeologc settmg and establishes a relationship between the EM measured conductivity 
and the 'IDS plume(s) 
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The predomnant hthologes at the Rocky Flats Plant include unconsolidated alluvium and 
colluvium, and consolidated siltstone, claystone, and sandstone The alluvial matenal has 
been classified into three dmnct units as follows 

Rocky Flats Alluvium 

Valley Fill Alluwum 

Colluvium 

Source. Rockwell, 1987 , 

The Rocky Flats Alluvium compnses the surficial matenal over a large area of the Rocky 
Flats Plant The Rocky Flats Alluvium is a poorly sorted deposit consistmg of cobbles, 
gravel, and sand with a clay mamx It's thickness vanes from 75 ft near the West Spray 
Field to 0 ft where the upper Cretaceous bedrock outcrops at the surface (Rockwell, 1987) 

The Valley Fd1 alluvium and colluvium are present in and adjacent to the stream channels 
and valleys at the Rocky Flats Plant The Valley Fill alluwum consists of reworked and 
redeposited Rocky Flats alluvium and upper Cretaceous bedrock The colluvium consists of 
predomantly clay size parhcles with varylng amounts of sand and gravel (Rockwell, 
1987) 

The uppermost bedrock underlying the Rocky Flats Plant is upper Cretaceous in age and 
consists pnmanly of weathered and unweathered claystone with interbedded fine-grained 
siltstone and sandstone lenses 

2 1 Surface Water (Alluvial) Hydrology 

North Walnut Creek, South Walnut Creek, and the unnamed dramage emanating from the 
Landfill (hereafter referred to as the Landfill drsunage) are the three most promnent 
dramages within the EM survey boundanes The three dramages converge east of the water 
treatment pond and connnue eastward towards Great Western Reservoir (Figure 1) 
Precipitanon and snowmelt are the pnmary surface and shallow groundwater recharge 
mechanisms at the Rocky Flats Plant (Hurr, 1976) 

I 
I 
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The Landfill h n a g e  emanates from the Landfill and travels eastward for approximately 
4500 ft where it J O ~ S  North and South Walnut Creeks The Valley Fdl alluvium in the 
Landfill dramage is 6 to 10 ft duck and composed of gravels and cobbles with varying 
amounts of fine grnned sdments (Rockwell, 1987) There is one retention pond near the 
termmanon of the landfill dramage (Figure 1) The mean hydraulic conductivity of the 
Valley Fill alluvium In the Landfill dramage is unknown at the present hme due to a lack of 
aquifer tests In adhnon, the valley fill alluwum m the Landfill dramage is dry dunng some 
tunes of the year Therefore, the rate of contarmnant rmgranon cannot be accurately 
estlmated 

The Solar Evaporation Ponds dramage area encompasses North and South Walnut Creeks 
The South Walnut Creek dramage consists of colluwal matenal, and several outcrops of 
Cretaceous bedrock occur at the surface There are five retention ponds located in South 
Walnut Creek (Rockwell, 1987) The mean hydraulic conducnwty of the colluvial matenals 
from drawdown-recovery and slug tests is 98 ft/yr, although there is a large vanability in test 
data (Rockwell, 1987) 

The North Walnut Creek dramage is composed pnmanly of Valley Fill alluvium and 
terminates at the water treatment pond There are four retenhon ponds located in North 
Walnut Creek (Rockwell, 1987). The North Walnut Creek Valley Fill alluvium has a mean 
hydraulic conduchwty of 1 5 ft/yr, which is an order of magnitude lower than measured 
hydrauhc conductmty values for alluvlal material at other areas of the Rocky Flats Plant 
(Rockwell, 1989) This hydraulic conduchvity may be due m part to the mcreased clay 
content of the Valley Fill alluwum (Rockwell, 1987) 

2 2 Groundwater (Bedrock) Hydrology 

Weathered and unweathered claystone of upper Cretaceous age is the most common 
lithology immehately underlying the alluvial matenal (Rockwell, 1987) Within the 
claystone there are interbedded lenses of fine-to-medium-grained sandstone and siltstone 
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Sandstone 

TABLE I 

Solar Evaporauon Ponds Hydraulic Conductiwty Data 

Hvdrau lic Conduchwtv (gee metnc mean) 

0 54 fdyr 

Siltstone 0 70 ft/yr 

Clay stone 0.35 ft/yr 

Weathered Claystone 0 40 fdyr 

Source 1989 Annual RCRA Ground-Water Monitonng Report for Regulated Units at 
Rocky Flats Plant (packer test data) 

The Solar Ponds bedrock hydraulic conductlvity data does not seem to be in agreement with 
the accepted theory that coarse gamed sdments can possess hydraulic conductiwues 
several orders of magnitude greater than fme graned sdments However, slug test data 
from a Cretaceous sandstone unit in well 34-86 exhibits a hydraulic conductivity of 1,035 
ft/yr, which is three orders of magnitude greater than the packer test result for the Cretaceous 
Solar Ponds sandstone (Rockwell, 1987) 

2 3 Water Quality 

fistoncal water quality data from the Rocky Flats alluvium, Valley Fill alluvium, 
colluvium, and bedrock matenals indicate the presence of high concentrauon TDS plumes 
emanaung from the Landfill and Solar Evaporauon Ponds drainages The water beanng 
units at the Rocky Flats Plant consist of the vmous alluvial matenal and the upper 
Cretaceous bedrock sandstones and weathered claystones The alluvial matenal is 
charactenzed by high hydraulic conductiviues relatwe to the unweathered clay stones and 
other bedrock constituents (EG&G, 1989) The hydraulic conductivity and lithologic data 
suggest that high concentration TDS plumes travel along the alluvialbedrock interface 
However, where the claystone bedrock is weathered or a subcropping sandstone or siltstone 
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is encountered as bedrock and there is a downward g r d e n t  , the possibility of vertical 
contarmnant mgrahon exists (EG&G, 1989) 

Addihonal factors which influence the water quality downgrahent of the Solar Ponds area 
are the retenhon ponds located rn North and South Walnut Creeks The retention ponds 
were constructed to hmt the release of poor quality water via spills, etc (Rockwell, 1989) 
Surface water contarmnation and subsequent groundwater contarmnant rt'ugrahOn is thus 

affected by the holdmg nme at each retenbon pond 
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3 0 ELECTROMAGNETIC SURVEY 

3 1 EMMethodology 

The EM terram conducnvity meters designed by Geonics, Ltd are based on the inductive 
couphng of relanvely high frequency (tens of lulohertz (kHz) )electromagneac waves into 
the subsurface The transmtter coil emts an alternaang current which creates a time- 
varymg magnenc field and associated eddy currents in the subsurface The eddy currents 
generate a secondary magnetic field, which is sensed, together with the pnmary field, by the 
receiving coil (McNeil, 1980) The measured secondary magnenc field is pnmanly a 
funcnon of the mstrument frequency, transmtter/receiver separation and the conductivity of 
the subsurface The Geonics, Ltd EM terram conductivity instruments are calibrated to read 
the conducnvity of the subsurface in  units of mllimhos per meter (mmhodm) 

The conducnvity value measured by an EM instrument depends on the combined effects of 
the number of soil and/or rock layers, moisture content, then thicknesses, depth(s), and the 
mherent conductwines of the matenals. The quanbty actually measured is an apparent 
conducnvity of the earth volume between the ground surface and an effecnve penetranon 
depth which is defined as the depth at which vanauons in conducnwty no longer have a 
significant effect on the measurement The exploranon depth is related to the spacing 
between the transmtter and receiver coils of the instrument, and is approximately 

1 5 x coil separanon (vemcal dipole mode) 

75 x coil separation (honzontal Qpole model) 

The coil separations of the EM 31 and EM 38 are approxlmately 12 ft and 3 ft, respectively 
Vemcal invesnganon (or depth soundmg) can be accomplished by multiple measurements 
about a point wth varymg coil separanons Honzontal (lateral) profiling is performed by 
acqumng measurements along a traverse with a fixed coil separanon 

Two components of the EM field can be measured The quadrature-phase component is 
most inlcative of bulk subsurface conductivity and the in-phase component most readily 
charactenzes the presence of buned conductors In the past, electromagnetx surveys were 

. 
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pnmmly used in mneral explorahon to locate faults, ddces and other linear structures EM 
surveys are now being u t h e d  to locate buned pipes and cables as well as buned metallic 
waste (such as 55-gallon drums). Conductiwty surveys are appropnate site charactenzation 
tools to 

Detect and map contarmnant plumes if the conducbwty contrast between the 
naturaIly occurnng matenal and contammanon is signlficant, 

Esbmate the depth, thckness and conductwity of subsurface layers, depth to the 
water table, or hthologc composibon of a layer, 

D e t m n e  locabons for dnlhng to intercept contammanon or to invesbgate aquifer 
propemes, 

Compare chemcal and geohydroloBc data at a site, and 

Detect ferrous and non-ferrous metal objects that may be related to disposal 
acbvihes 

\ 

I 

3 1 1 EMModehng 

Existmg TDS and specific conductance data from 29 monitor wells located 111 the 
Landfill and Solar Ponds drainages were andyzed to define a relationship between 
TDS and specific conductance The largest lnfluence on the EM measured 
conductivity is the conduchvity (or specific conductance) of the groundwater Figure 
2 exhibits the relationship between the groundwater conductlvlty (m mmhos/m) and 
the TDS content of the groundwater The relahonship was denved to assist project 
geophysicists w t h  the analysis of the EM data 

A general model which allowed the acqumd EM data to be mterpreted in terms of 
the groundwater conducuvity was implemented by project geophysicists (Appendix 
A) The relauonship is theoreocal 111 nature and wdl not be presented as part of this 
report, although project geophysicists can present in detad the relahonship upon 
EG&G's request 

Bnefly, the model accounts for the interrelabonships between the EM measured 
conduchvity, groundwater conductiwty, TDS content, volumetnc water content, and 
mmeralogcal mamx matenals There are two constants in the equation which must 
be determined from a simple lab measurement The lab measurement consists of 
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measunng the conduchvity of an alluwal sample dry and at field capacity (water 
saturated) We suggest collecmg alluvial hthologx samples near several monitor 
wells in the Landfill and Solar Ponds drainages and have them analyzed at a 
laboratory for the following 

gram size hstnbuhon, 

clay mneralogy, 

dry conductwity and 

saturated conducovity 

This data can be utdized in the aforemenhoned relauonship to provide an accurate, 
Site-SifiG groundwater conductwity. 

3 2 Data Acquisiuon 

The Geonrcs EM 31 and EM 38 terram conduchmty meters were used to acqum data on 16 
profiles in the Landfill and Solar Ponds dramages (Figure 1) The EM 31 was used in the 
honzontal &pole mode and the EM 38 was used 111 the honzontal and vemcal dipole mode 
Quadrature and in-phase data were acqured,and &@tally recorded with a data logger The 
length of the EM profile h e s  vaned between 100 and 1,200 ft, and special care was 
exercised to avoid and/or mnimze the effects of cultural rnterference caused by overhead 
and bund  power lines, and steel-cased monitor wells. 

The EM 31 was used in a reconnaissance mode wth a 5 ft station spacing to detemne the 
applicability of the EM terram conductivity method to define a high TDS plume in a 
complex geologx envlronment The EM 38 was utdized to improve the vertical and lateral 
resoluuon of the complex geologic system, thus a 2 ft stauon spacing was used 

3 2 1 Water Sampling 

EBASCO field personnel measured the specific conductance of 29 water samples 
acqulred in monitor wells adjacent to the EM survey lines and located m the Landfill 
and Solar Ponds dramages The specific conductance measurements were acqulred 
withm one week of the EM survey to provide information on the conductivity of the 
pore water, which aded in the mterpretation of the EM data 
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3 2 2  Surveying 

A total stanon surveying instrument was used to survey EM profile hnes 1 through 
16 The startmg and endmg profile line stanons were converted to the state planar 
coordmate system and plotted on a topographic map of the Rocky Flats Plant 
(Figure 1) 

3 3 Data Processing 

The EM 31 and EM 38 data were processed with Geonics Ltd DAT31 (version 2 08) and 
DAT 38 (version 2 04), respectlvely The data processing sequence consisted of the 
following 

- h e  onentanon (all profiles are presented as increasing stations in a north direction) 

- organizanon of data into pseudosecnons 

- pseudosectlon plotnng 

Project geophysicists generated pseudosecnons to exhibit the changes in subsurface 
conducnvity versus depth The pseudosecnons were generated by using the maximum depth 
of penetranon for the EM 31 and 38 instruments along the profile line as follows. 

Instrumm Confi euranon 

EM38 honzontal dipole mode 

EM 38 vertical &pole mode 

EM 31 honzontal dipole mode 

M M  i n  

- 2 5 f t  

-5Oft 

-9Oft 

The pseudosections were contoured with the Ra&an Corporation's CPSPC contour plottlng 
system Each pseudosection is a geoelectnc sectton whch represents the spatial change of 

conductivity along the EM profile 
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3 4 Data Analysis and Interpretanon 

If the alluvial sdments at the Rocky Flats Plant consisted of one domnant lithologic 
member (1 e , sand, clay, or gravel), an increase in the measured EM terrain conductivity 
would inQcate an increase in the conducuvity of the groundwater The increase in the 
conductwity of the groundwater could be mterpreted as an elevated TDS concentration, or as 
a result of natural rmnerals occunvlg in the water (EG&G, 1989) However, the alluwal 
matenal at the Rocky Flats Plant is a complex compositron of varying amounts of gravel, 
sand, silt, clay, and organic matenal Thus, due to the complex geologic envlronment care 
was exercised when mterpretmg the EM data m terms of elevated TDS content 

Geophysicists have esamated a background conductwity range for the alluwal sediments at 
the Rocky Flats Plant based the EM modelmg and field invesQgauon and a prevlous EM 
invesDgabon (Chen and Associates, 1987) The pnmary factors which dormnate the 
subsurface conductlvity are 

- the porosity of the matenal, 

- amount of water in the pore space, 

- conducnvlty of the pore water, 

- rmneralogcal type 

The background conduchvity range for alluvial d m e n t s  is interpreted to be approximately 
20 to 80 mrnhodm Figures 3,4,5,6, and 7 are selected pseudosecbons of EM profile lines 
in the Landfill and Solar Ponds drainages Conduchvltles which are higher than 80 
mmhos/m are interpreted to be areas where there is potential for elevated TDS levels 
However, conductivities above 80 mmhos/m may also be areas where there is highly 
conductwe clay present in large quantrtres The data exhibited in Table 11 illustrates the wide 
range of conductwioes that can be expected due to changes in moisture content, grain size, 
and mneralogical clay type: 

I 
I 

Page 13 



1 
I 
1 
I 
I 
I 
Ir> 
I 
I- 
i 
I 
1 
I 
I 
I 
I! + 

I 
I 
I 

Moisture (%) 

42 
46 
25 
21 

32 

25 

. 
TABLE 11 

Conductivity Vmance with Moisture and Clay Content 

Conductlvity (mmhos/m) Clastlcs (%) Clay (%) Clay Type(s) 

16 0 
1.2 
1 0  

65.0 

169 0 

269 0 

21 79 100% kaolinite 
42 58 100% kaolinite 
5 95 100% kaolinite 
66 34 100% 

39 61 60% 
mon tmonlloni te 

mon tmonlloni te 
40% kaolinite 

15 85 90% 
montmornllonite 
10% kaolinite 

Source Walker,etal 1973 

3 4 1 Solar Evaporatlon Ponds Dramage 

The Solar Evaporabon Ponds dramage pseudosectlons (Figures 3 and 4) are 

charactenzed by specific subsurface regons which are above the background value 
of 80 mmhos/m Figure 3 represents the Line 10 EM pseudosection There is a 
lstinct change m subsurface conductlvity between honzontal stations 50 and 100 at 
6 ft in depth where the conductivity is greater than 80 mmhoslm The mcrease in 
conducbvity may be caused by by an increase m the conducuvity of the groundwater 
(elevated TDS), however, it may also reflect an area where the hthology is 
dommantly mneralogical clay Monitor well B208289 is located near station 70, and 
the lithology consists of weathered claystone and silty claystone between the depths 
of 1 9 and 9 ft The upper 1 9 ft is descnbed as clayey topsoil 
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The Line 14 pseudosectton is exhibited in Figure 4. The conducnvity anomaly near 
stanon 50 between the depth of 2 and 7 ft represents an area which is most likely 
related to elevated TDS content in the groundwater The highest conductivity 
recorded d u n g  the Rocky Flats EM survey (128 mmhos/m) occurred at station 50 at 
an approxlmate depth of 6 ft The conductwity decreases near stanon 50 from 6 ft to 
9 ft , malung it improbable that the conductwity anomaly is due to the effect of the 
deeper claystone bedrock The alluvial hthology m monitor well 37-86, located 
approxmately 50 ft west of the EM profile h e ,  is descnbed as a silty and sandy clay 
from the surface to a depth of 9 ft 

3 4 2 L a n ~ i l l  Dramage 

The Landfill dramage pseudosecttons are exhibited m Figures 5,6, and 7 EM profile 
h e s  2 and 6 (Figures 5 and 7) represent areas where there is no evidence that 
suggests an elevated TDS content. The conducnvity of the alluvial matenal ranges 
from approximately 10 to 50 mmhodm, which is in agreement with previous 
background EM measured conducttvihes for alluvial matenal (Chen and Associates 
EM data, 1987) However, the relatronshlp between the EM measured conductivity 
and the groundwater conducttwty in some areas of the Landfill dramage is 
u n c m n .  EM profile Line 4 (Figure 6) is located between monitor wells 42-87 and 
6-86. Momtor well 6-86 exhibited a TDS value of 4542 mg/l m May, 1988 
Conversely, monitor well 42-87 (upgrahent of momtor well 6-86) exhibited 355 
mgA TDS in February, 1988 Several conclusions may be mferred from this 
relatlonship 

#1 -monitor well 42-87 was not completed properly, or 

#2 -the rate of contamnant migration in the Landfill drainage is extremely high, or 

#3 -an unknown paleochannel(s) exists which is laterally offset from the surface water 
dramage pattern in the Landfill dramage 

The EM survey data tends to support conclusion #3 For example, pseudosection 4 (Figure 
6) exhibits an area of lower conducbvity between stauons 30 and 60 which correlates with 
the present surface water dramage The conductwity anomaly between stations 60 and 90 
from a depth of 2 to 9 ft may indcate a shallow paleochannel that is preferential for shallow 
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groundwater flow. The conducDwty of 90 mmhoslm near staQon 70 at an approximate 
depth of 6 ft may mdxate elevated TDS groundwater flowmg on the lower conductwity 
weathered bedrock paleochannel at a depth of 9 ft 
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4 O CONCLUSIONS 

The Solar Evaporanon Ponds dmnage EM pseudosecnons exhibited isolated subsurface 
areas of high conductivity which are most llkely related to elevated TDS content of the 
groundwater 

The Landfill dmnage EM psedosectlons are representauve of subsurface areas which consist 
of background conductlvines between 20 and 80 mmhodm The pseudosecnon for Line 4 
exhlbits an isolated subsurface area which may be the expression of a TDS plume travehng 
,on the alluvlal/bedrock contact However, the mcrease m conductivity on Line 4 may also 
represent an area that is saturated wth conducnve clay. 

The shallow geologic and hydrologic system present at the Rocky Flats Plant is complex and 
addmonal work is necessary to charactenze the hstnbunon of lithologic gram sizes, clay 
mmeralogy, and aquifer properhes of the alluvral and bedrock matenals The upcomng 
Phase II Geologc Charactenzatlon will provide relevant hthologrc and hydrologic data 
which can be utdized to further understand the EM data m terms of dehneating high ' IDS 
plumes 
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The detecnon of subsurface contammanon wth the use of electncal geophysical methods is 
a relanvely new fronner Currently, three geophysical methods have exhibited potential to 
detect organic and morganic contammanon in the subsurface 

Ground Penetranng Radar (GPR) 
Complex Resistlmty 
Electromagnenc Inducnon (EM) 

Ground penetranng radar can map some hydrocarbon contammants, however, the presence 
of conductwe clay mmerals can restnct the depth penetranon of the radar pulse (Olhoeft, 
1986) Resisnmty methods (mcludmg complex resisnmty) have proved effectwe in 
detecnng some organic and inorganic contammanon, but the method is nme consumng in 
both the data acqwsinon and interpretahon phases The EM mducbon technique is a cost 
effectwe alternanve to the resisnvity method The EM tenam conducnvity meters pioneered 
by Geonics Ltd are more portable than resisnvity or GPR systems and less time consuming 
m the data acquisitlon phase EM data can be used to effecnvely map inorganic and organic 
CO~tmahOn if the contrast between the contarmnahon and the geologc system is large 
enough. Therefore, the Rocky mats Task 5 geophysical program was performed with the 
Geonics Ltd EM 31 and EM 38 mstruments in an attempt to detemme the effecnveness of 
the EM technique m detecting a high concentration TDS plume. 

A previous EM investlganon was performed by Chen and Associates at the Rocky Flats 
Plant in 1987 The EM survey was completed in the Operable Unit 2 (OU2) area to 
charactenze the Sohd Waste Management Units (SWMU) The EM data exhibits 
background conducnwnes between apprommately 20 and 60 mmhos/m for the alluvial 
matenal This background range of alluvial conducnvines was used to construct a starting 

model for the Task 5 EM survey Adhtional conductivity information was acquired from 
data obtamed in the recent borehole geophysics program with the Geonics Ltd EM 39 
borehole inducnon probe The EM 39 data from several boreholes was used to estimate the 
conducnvity of the bedrock matenals Conducnvity values between 100 and 200 mmhoslm 
represent the range of conducnvines which charactenze the claystone bedrock used in the 
Task 5 EM model - 

Two EM models were generated for the Task 5 EM project The first model consisted of a 
simple three-layer geologc secnon as descnbed in Figure A-1 The EM instrument response 
was calculated for a perpendicular traverse over the high TDS plume The results of the 
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madel indcate a hgh probability of detectmg a TDS plume that is charactenzed by a ran0 of 
plume conducnvity to alluvial conductlvity of appromately 2 1 However, the model is 
idealisnc, since it assumes a homogeneous, layered geologc system with definitive 
boundanes fistonc alluvial and bedrock hthologc data acqured at the Rocky Flats Plant 
suggest a much more complex geologc system Therefore, it was necessary to construct a 
second geologic model which takes into account the followmg parameters 

- petrophysical properttes of the alluvial and bedrock matenals (nuneralogic composition, 
surface area, catlon exchange capacity ), 

- porosity of the matenal and amount of water m the pore system, 

- pore water conductlvity 

A model is suggested in which the conducuvity of the groundwater (1 e pore water 
conductlvity) can be solved for gven the following informanon 

- EM measured conducnvity, 

- volumetnc water content of the soil, 

- two hthologc constants 

The hthologc constants can be denved by a sunple lab procedure in which the conductivity 
of the lithologc sample is measured dry and at field capacity (saturated). 

Rhoades, Raats, and Prather (1976) proposed the followng equatron to detemne the bulk 
soil conductlvity OB 

OB= Ow O (a O + b) +Os 

where 0 = volumetnc water content 

Ow = pore water conductlvity 

a,b = lithologc constants for soil type and composition 

Os = surface conductance of hthologc matenal(s) 
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Table I exhlbits the gram size dstnbubon, values for the constants a and b, and the surface 
conductance of the lithologc samples the invesagators a c q d  by measunng the 
conducavity of the sample dry and at vanous water saturahons 

TABLE A-I 

SOILTYPE SAND% 

Pachappa 49 

Indio 42 2 

Waukena 41 3 

Dormno 29 3 

SILT % CLAY % 

37.8 1 1  2 

51 6 6.2 

39 0 19 7 

41 4 29 3 

OS a b 

18 1.382 - 093 

25 1.287 - 116 

40 1403 - 064 

45 2 134 - 245 

These data were used as input model parameters to appromte the lithologc properhes at the 
Rocky Flats Plant The target TDS concentrabon for the Rocky Flats Plant has been set at 400 
mg/l (EG&G, 1989) 400 mg/l TDS corresponds to a pore water conducbmty of approximately 
30 mmhos/m based on the relabonship proposed by Ebasco in sechon 3.1 1 Therefore, the 
model pore water conduchvity (Ow) was vaned between 30 mmhodm (background TDS) and 
500 mmhos/m (significantly elevated TDS) for the dlfferent hthologes m Table A-I. 

The results of the second Task 5 EM model were more accurate m apprommaang the proposed 
TDS/pore water conduchvity relahonship for the Rocky Flats Plant However, the model can be 
made more accurate if the lithologc matenals at the Rocky Flats Plant are charactenzed with a 
s i d a r  mvesbgaave approach to that of Rhoades, Raats, and Fkther 
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